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Tank araor congiats of steel plates and steel cacting which are riv-
eted or welded toyether to fora the armored body and turret of the tank,
Special steel containing 0,255 percent carbon is used far the amor
of moadern banks. The more carbon in the stoel, the harder it is, but
increasing the carbon contant also :akes the steel more brittles, Brittle
steel 13 not suitable for armor, :*iich should be hard and at the same time
ductile. The cucbination aof these qualities is obtained by cosplex heat
treatzment of the cotal and addition of nickel, chrome, and molybdenum,
Some of the elamentn added inc.ease the strenpth of stecl (chrome, silicon,
manganesa), some increace tne ductility {nickel, manganese), and some make
it casler to mchine and heat-treat the steel (nickel, chrome).

To combino a high depror of surface hardness with ductility, the armeor
is sometines casehardoved, In the carcharde.ing process, a thin layer of
the arnmor's surface iz saturate! with curbon while the rest of the armor
containe comarativaly little carbon, Armor ol thi: kind withstands armore
niereing bullets ond docs not colit :hier struck by shell {ragments, Casew
hardening ie ecnocelally immortant shen btank armor up to 15-20 millimeters
thick ie used for nrotection a;nd vullets and snell framents. Since the
araor of modern tank» is orimrily desi:neld for protection agalnst shells
rather tann bullete, oni since 3t ir 200 millimeters or more thick, hamogene-
ous, noacacchardored rteel 1o uped for this puracse,

Interaction of Projectile and Ar.oor

The ordinar arnor-piercins shell shatters armor by 1ts kinetic energy,
shieh i osoressed v the fommln:
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vi enuals WY

2

SECRET

Sanitized Copy Approved for Release 2011/08/04 : CIA-RDP80-00809A000700030523-6



Al

| B : s N . = o

N /

Sanitized opy Approved for Release 2011/08/04 : CIA-RDP80-00809A000700030523-6

.

SEGHE JoRLE

where N aouals the mass of the arojuctile, vhich ecwals ite weloht ¢ divided
by the acceleration due to rravit; g

M equals G equals G kilograms x necond2
z 9.61 m

V is the speed of the vrojectile at the nonent 1t strikes t.e armor,

If the projectile strikes the armor perpendicularly, all of its kinetic
energy goes toward knowekiny out a "nlug", that im, shattering the amor,
The inertia of the armor makes it recist bending,  The hijher the sneed of

the projectile, the less tire there is for the armor to bend, and the greater ‘: W
proportion of the kinetie enerry of the orojectile ,ocr towvard knocking out Vg
a plug, G

The projectile rarcly strikes the arnor nerpendicularly, but rather at
an angle to the peraendicular, If tie um.le is saall, the foree acting on
the orojectile from the armor (r-action of the armar), together with the inertia
of the nrojectile (asplicd at the center of fravity), tond to turn the projectile,
reducing the angle and increasing bhe arojectile's capacity far picreing the
armor. This iz called shifting of the srojectile. :f the angle is large, the
forces tend to turn the nrojectile in the other direction (increasin the angle),
causing it to ricochet, Thus, the strenyth of the amor will depend on the
angle at which the projectile ueets it: the rreater the anile, the less chance
that the araor will bte shattered, To increase this an; le, the armor is mounted
obliquely wherever poscible, Dblique aymor lengtiens tho wistance the projec-
tile must penetrate and is thus equal in protective value to a thicker plate of
vertical arnor, This makes it nosritle ho ake oblione steets thinner and
thur reduce the wei-ht of the smior.

fmall anrles of deviation from the persendicular {(up to 10 degrees) have
little offect on the nierving aLility of ‘“he nrojectile, For this reason,
the anrle of inclination of the aymor is usuially no less than 20 depreec.
At an ancle of &0 dejrees the nrojectile ricachets,

The kinetiz ceneryy of the orajectile depends on the welocity with
which is strikes the arior, “he [ rester the listance Croc the jun to the
point of iumaet, the yrecter the losr irn velocity of the projectile in
flight, and the mualler the {amact velocity, 1Tt zust be noted that the
impact velocit. is souared in the fareula so tnat reducing it by two times
dezereascs the kinetic crarey an: hence the oierct ne ability of the projec=
tile by four times,

The prolective thickness ol ar. in thet thiciness with which the
inner (rear):urface of the armor oas not break, that is, Jdoes not show
cleavage or (irmuior, Uith a susele volor ity of 750-800 neters per second,
the orotective thickness of the ar or ccuals 2,0 to 1.3 times the caliber of
tha urojectile (t aller cortessonilny &3 1 Y-millimstar projectile

and the laryer to = 78 millimeter orojectile),

fubcaliber and Cumlative “rojectiles

The subealiber srojectile conz.sts o a soft iron body, li hiened as
Auehi as mossivle v yrooves, a ver, nard, relitively heavy core ide of
tungsten {a very hard retal with o eaneifie iravity threc tines that of
steel), and 2 ballistic cao msle of alustie or aluninu,  Reducing the
total woirht of tho arojectile iuler it pas:ritle to | lve it a s raater
mzrle veloelty (1,001,200 soters ner second). The Lailistic cap col=
lapser wiaen it strikes the armor, and the cory, wnose dlameter is amaller
than the caliber of the vrojeetile (:ence the nume), ©lerces the armor,
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In this war the naly of the nrojectile :ives mpart of ite kinetic encry to
the core, like a hamier hitting a nail, ‘Tho amall ciliter of the core, its
great hardnesr, ant the huidin: -ction ai tha orajactile body, coupled with
high muzzle velocity, rake heeessary a protective thickness of armor 1.2 to
2.9 tlims the caliber of the projactile at distances up to 500 meters,

The action of the curmilative projoctile is Lused on the so-called cwin-
lative effect, The exnlod vo is inserted in the projectile in tho form of a
cone so that wien 1% exnlodes, a directed current of gases with cnormous
prescure and very high temperature is tormad, The burst wave, rebowiding
from the cone like rays of licht reflocted fron a concave mirror, posnesses
onortious destructive farce and easily shatters the armor, even if it is very
thick. Iupact veloeity is of no imortance »ith comlative arojectiless
henco, tho arotortive thickness of the amor for th.s type of shell is the
sane for all dirwances and eowmals 9,8 to 1.0 times the caliber,

Other antitank weanons are im-netic cumlative mines, cumulative ines,
self-propelled ejectric toroadoes, ;uided by wire from cover, and hand
rocket launchers with curmulative shells,

The crew of the tank, the firins unit and arawanent, the beric iachinery,
and the fuel, oil, and water for it ar~ sj tuated no that they take up as little
ggace an nosritle, at the mime i, facilitating the corbat operations of the
crow  amd access Lo the units that have to Le cuacked ani verviced, and oroe
viding orotectlon for the en ard wackinery.  Thus, It iz oivious thit the
sizaller the direnoions of ine tark, the tebler i iz arotected, Lenecially
lmoortant 1o sinimun hed Lt or tha tank, periittine it to take cover in uneven
terrain,

However, in deter.inin, the hes.hb of the vody and turret, it must be
“ept In mind that tha aecbers of the crow in the turret have to work while
standing or nalf sitting,  bHerce, takine into acvount the tank's cleara:ce,
the el ht of bhn tank boy and turret eninot he nnde lese thin 2 maters,

Te +u.
ale AT

woicri bark ith largr caliver aruanent, the width of the upoer
sert of the btody in detor.dnad t 10 Aiasater of the turret Lall race,
wideh ir aliost 2 weters, i the slancter is smsller than 2 neters, it will
be almoel Liswoscivle for tie un erew to funetion efficiently, This
ainimun djancter, therof “» dotectines the cidth of the tank body.

Sblirue aror ives < reater nrotection to the tank, by Larpe awles
of Inclination can onl: e 4 on thee front and rear of the tank., Tt ip
usually tmesgsitle to anke She rises A Lhe fank slooin; alony their entire
heivht, = .o U will eit.or Le Loo Wdic in “he expungod nart, waking it
laarsinl: o transoert the tanke vy reilread, or it will be too narrow in
the comres 0d nart, mklne 1t drooesitle by f0use the imchinery and nlacing
the crew in cramncu quarters, for these rearony, the side plates are most
frecuently -ole virticut, or licwe onll dn the unper portion,
agpucinlly 47 Lhe tade in e, o bad ans overhange the tracks,

e

The mor: natenen e ars in the Loly, the nare convenient 1t is
Lo vori in tho somle - 'TEice Sthe anchinery; but hitenes, evan when
thelr covirs are Shickor Lo U Lody slates, reatly woaken the body.

In ehalling: o bk, & hit on tic turret is nost proiatle, and after
thaty 2 hit or the front or Lie usner sertion of the siden, For this reason,
the arior of the front of the boly ani af the turret in the majority of
sivdern tanks e osporoxiwcdely one wnd o nalf bines as thicx as the armor sn
the sides, Tie horizentail nlates of the too and bottonm of the tauk, since
they ave more /should read, lear/ vulneranle, are izde ?-3 btimes thinner
thar the :ide nlates. -
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Besides the defence of tanks apainst artillery, discussed above, thare
are a number of necondary, but noverthelear wi tnl, zrpeets of tunk defencc.
Among these arc defense a;ninst land ninen by makinge the tank's bottom strong
and szcure, prot tien againet the penetration of rlaning linuids inside the
tank, orotection arainst the npread af rire inside the tank, and many othors,
Some of thece problems have not yet been solved,

The Tank Turret

The turret is the most vulneraile part of the tark, und at the sane time,
holds the primary armament of the tank and the most imvortant momters of tie
crew, After the thicknes: of the arior, tha shaoe of the turret has the
rreatent bearing on ite nrotective value. ihe more rounled the tank turret is,
the less chince there is of a nrajectile nittin:- i% aeraen iicularly,

Cone-chaned turret:, which are .idely used at nraesent, conabin- the
advactages off conves {evlindrical) and orlioue araer,  IOptiows protection
in glven by sohericsl (balleghanel) ‘urrets.

(onversion from welded turrets bo cast turrot: created preater
pos-ibilities of riving the turret the dorired shane. Lact Lurrete can
be dves any fore, anl a4 radual change dn aruor thlckness Lfraa front to
rear and from tou Lo base is more cacily «ffectei.  If one adds to tnis,
stmlicity of nroluction, it is ens: to ree why the use ! cast turrets and
castin;s of complete Lody osarts har bacaw widesoread recently, It is
true that cast stesl 15 not as tourh as rolled stoel, tut this is compen-
matnt for by Pho ateve- entianed stvantien,

Tuo theorles of tarx lnvelooment conllicted in l-orld .ar II: the “orman
theory, Luaed en hichesneed, lichtly arn.ored tanks, and the USSR theory,
bared ona welleariored, bet, at Lhe soue, Line, ronid and heavily armed tarks,
“Mtted a: 2t USTH boiiin, the versan tasse vore proved oosolete, and the
Cerman Ariy wuir comelled to ro-eouip its tank ana nechanized troons completely,
rejection of theo weakly armored {30 millineters thick ) T-1I1 and 1-IV tanks
and convers on to heavily arasred banks like the fanther, Tigzer, King Tiger,
ard finally, the uernover ouse [ays

honok; literally, "1ittle mouse"/ with
armor 170-240 rillirmeters thick shnowel that Leraan toog desirnerr had been
driven to ar nutreme, sni hoi sacrificed ol ilily nnd rass utilization of tanks
for the suke of armor arotection,

Soviet tonk builder:, shairtin, it he Te3 snd XV tanks, continued
thoir line of develaspment, eabtinin  in thedr tanke the basic eombat qualitiacy
firesouer, . * “ility, and armor protection, and net sacrificing one quality
for anmother, .. 'R tanke hud o stron. influcnce on the tark develooment of
all the nelld, tonttionas 1% 14 enous to woiat aut that the body rhape
of the “u3) L. g eavdied araetically §a ite antiret: Ly the desipners of
th - Panther tant and ir redbocted i tirer tank and in come of the

Aidiad tarlee,

The oractlice of Lorla . cetnodelinite tendency btowards
tnerracine arqor toickness, neoboae shrne of tank bedies and turrets,
anl tho vidocorand alootion of steel castinge in tank oroduction,

bro 133G to L
five tinen, wil
only 10-15 perc

fuemome aerlod, the timun mred of tanks increased

. i the wid of the war, inly amored light tanks
hay Lid not pravide cufiicient nrotection apainst the
maar vbilization of sntitank .enoons (m-tf]_lhr;,', rocket-cwmulative arms).

5. the Lhiciuncs ai teik arsor incr.ased an average of
v
L
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Increasing armor thickness of tanke was achieved at the cost of a com
plete abardonment of multiple turretn. The tanks of vorld tar II were single
turret, making it possible to reduce the total length and width of the tank
body, and to increase armer thickness considerably., ‘lhus, the lritish prewur
Independent tenk, which had fivo turrete and weighed approximately 40 tons,
vas 10 msters long, while the wartime single-turret YSSR KV tank was 7 metsrs
long, With a slight difference in weight of the two tanks, tne amor of the
KV was three tines sa thick as the armer of the Independent (75 and 25 millie
metera). However, abandomment of multiple turrets brought no reduntion in
firepower, at least for USSR tanks, One powerful gun fully replaced two to
four small-caliber guna,

In the course of tha var, USER designere further strer-’nened the armor
protection of tanks, without increasing their sige and welght, by laying out
equipmont and machinary efficiently., German designers could not cope with
this problem, and their last tanks were approximately one-and-a-half times
heavier and considerably larger than the same type USSR tank. This had its
chief zcrerse affoct on the mobild ty of German tanks,

Scviet designers have never lost sight of the fact that a zood of fense
is the best defense; and while stre.ziaening the armor of tanks, have
simultaneously increased their Tirepo.ar and mobility.
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